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This apélication is a continuation in part of U.S. Patent
Application entitled: THE TANSEY TECHNIQUE AND TRAINING SYSTEM:
10 ELECTROENCEPHALIC NEUROFEEDBACK APPARATUS, PROCEDURE AND METHOD FOR
THE TRACKING AND TRAINING OF COGNITIVE STATES AND THE REMISSION OF
DISORDERS CHARACTERIZED BY CEREBRAL DYSFUNCTION, Serial No.
831,182, filed February 5, 1992, the entire text and contents of

which are incorporated by reference into this applicafion.

15 BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an apparatus and method for
monitoring, analyzing and utilizing brainwave data.
2. Description of the Related Art
20 The human brain can be viewed as functionally
interrelated synaptic pathways and neural activation matrices.
These pathways and matrices are predisposed to functionally respond
and further develop with use. This is the basis for all higher
learning. At any given moment, the brain radiates a plethora of
25 events, tasks and states which are related to neural discharge
patterns. Neural discharge patterns can be defined as brainwave
signatures. A brainwave signature can be associated with human

cognitive states, learning, intellectual ability and disability.
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Considerable research has been directed to biological
feedback of brainwave signals known as electroencephalogram (EEG)
signals. One conventional neurophysiological study established a
functional relationship between behavior and bandwidths in the 12-
15 Hz range relating to sensorimotor cortex rhythm EEG activity
(SMR). Sterman, M.B., Lopresti, R.W., & Fairchild, M.D. (1969).
Electroencephalographic aﬁd behavioral studies of
monomethylhdrazine toxicity in the cat. Technical Report AMRL-TR=
69 3, Wright-Patterson Air Force Base, Ohio, Air Systems Command.
A cat's ability to maintain muscular calm, explosively execute
precise, complex and coordinated sequences of movements and return
to a state of calm was studied by monitoring a 14 cycle brainwave.
The brainwave was determined to be directly responsible for the
suppression of muscular tension and spasm. It was also
demonstrated that the cats could be trained to increase the
strength of specific brainwave patterns associated with suppression
of muscular tension and spasn. Thereafter, when the cats were
administered drugs which would induce spasms, the cats which were
trained to strengthen their brainwaves were resistent to the drugs.

The 12-15 Hz SMR brainwave band has been used in
conventional EEG biofeedback training for rectifying pathological
brain underactivation. In particular the following disorders have
been treated using biofeedback training: epilepsy (as exemplified
in M.B. Sterman's, M.B. 1973 work on the "Neurophysiologic and
Clinical Studies of Sensorimotor EEG Biofeedback Training: Some
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2 functionally interrelated synaptic pathways and neural activation
matrices. These pathways and matrices are predi sposed to functionally
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Effects on Epilepsy" L. Birk (Ed.), Biofeedback: Behavioral

Medicine, New York: Grune and Stratton); Giles de la Tourette's
syndrome and muscle tics (as exemplified in the inventor's 1986
work on "“A Simple and a Complex Tic (Giles de la Tourette's
5 Syndrome): Their response to EEG Sensorimotor Rhythm Biofeedback
Training", International Journal of Psychophysiology, 4, 91-97
(1986) ) ; hyperactivity (described by M.N. Shouse, & J.F. Lubar's in
the work entitled "Operant Conditioning of EEG Rhythms and Ritalin
in the Treatment of Hyperkinesis", Biofeedback and Self-Requlation,
10 4, 299-312 (1979); reading disorders (described by M.A. Tansey, &
Bruner, R.L.'s in YEMG and EEG Biofeedback Training in the
Treatment of a l0-year old Hyperactive Boy with a Developmental
Reading Disorder", Biofeedback and Self-Requlation, 8, 25-37-
(1983)) ; learning disabilities related to the finding of consistent
15 patterns for amplitudes of various brainwaves (described in Lubar,
Bianchini, cCalhoun, Lambert, Brody & Shabsin's work entitled
"Spectral Analysis of EEG Differences Between Children with and
without Learning Disabilities", Journal of Learning Disabilities,
18, 403-408 (1985)) and; learning disabilities (described by M.A.
20 Tansey in "Brainwave signatures - An Index Reflective of the
Brain's Functional Neuroanatomy: Further Findings on the Effect of
EEG Sensorimotor Rhythm Biofeedback Training on the Neurologic
Precursors of Learning Disabilities", International Journal of v

Psychophysiology, 3, 85-89 (1985)). 1In sum, a wide variety of

25 disorders, whose symptomology includes impaired voluntary control
3
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di sability. Considerable research has been directed to biological feedback
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of one's own muscles and a lowered cerebral threshold of overload
under stress, were found to be treatable by "exercising” the
supplementary and sensorimotor areas of the brain.
Conventional EEG biofeedback methods and apparatus have
5 referenced brainwave activity in terms of large bands of EEG. As
such, brainwave activity has traditionally been classified as
follows: delta waves lie in the frequency range of 0 to 3.5 Hz;
theta waves lie in the frequency range of 4 to 7 Hz; alpha waves
lie in the frequency range of 8 to 13 Hz; beta waves lie in the
10 frequency range above 13 HHz; and sensorimotor rhythm (SMR) waves
lie in the frequency range of 12 to 15 Hz. Several patents have
been directed to monitoring EEG in terms of the sensed amplitudes
and percentages of alpha, theta, beta, delta and SMR waves.
U.S. Patent No. 4,928,704 describes a biofeedback method
15 and system for training a person to develop useful degrees of
voluntary control of personal EEG activity. EEG sensors are
attached to cortical sites on a head of a person for sensing EEG
energy. EEG electrical energy is filtered into the pre-defined
sub-bands of alpha, theta, beta and delta. Other patents directed
20 to EEG biofeedback with alpha, theta, beta, delta and SMR waves
include U.S. Patent Nos.: 3,855,988; 4,140,997; 4,883,067;
4,919,143; 5,024,235 and European Patent No. 375,106,

U.S. Patent No. 4,746,751 describes a system for

displaying multichannel EEG data. In performing this, the
25 procedure and method entails Evoked Response Potential signal
4
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execut e precise, conplex and coordi nated sequences of 25 novenent s and
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averaging. A summed signal averaged brain map may be pieced
together being comprised of reflections of the average amount of
overall energy monitored over many electrode sites. In ERP, the
subject receives ‘a set of stimuli which evoke brainwaves. Other
5 examples of patents directed to ERP include U.S. Patent Nos.:
4,498,080; 4,926,969 and PCT Patent Application No. 8303745.

U.S. Patent No. 4,926,969 ('969) was cited in the
inventor's parent application Serial No. 831,182. The '969 patent
describes a sensory drive controller designed to detect evoked

10 response potentials as a result of stimuli presented to the person.
EEG signals taken from the subject at electrodes are amplified and
filtered to enhance averaging and correlation procedures for
establishing an ERP template. The ERP template is compared with
detected evoked response potentials to determine the degree of

15 similarity between the two signals.

A major disadvantage in the conventional EEG biofeedback
studies has been the poor resolution of brainwave bands produced by
conventional bandpass filters used as a front end for signal
processing electronics. Another drawback has been that the

20 bandpass filters are easily overloaded by an upsurge of electrical
energy or high amplitude slow waves. An upsurge of electrical
energy accompanies muscle movement and high amplitude slow waves
activity accompanies many cerebral disorders. These unwanted, énd
all too frequent, signal contaminating sources are referred to as

25 artifacts. Bandpass analysis is dependent on differential

5
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preamplifiers which multiply many thousands of times (i.e., as much
as 50,000 times) the biologic signals and any accompanying
artifacts. Such electronic/mechanical signal refiners contribute
to inaccuracy in ‘the monitoring of EEG signals.

5 Another disadvantage in conventional mechanical bandpass
filtering is that arbitrary and inexact bandwidths are used to
train specific brainstates. An exact analysis of waveforms is
essential to EEG biofeedback protocols. Additional drawbacks to
conventional systems is their reliance on multiplexors which may

10 sample the bandpass configured signal at a rate of one sampling per
second of time. For example, when monitoring a 14 cycle per second
wave form 14Hz signal, only one component will be measured, thus 13
of the 14 components of the waveform are missed. The prior art
also has the disadvantage of being limited to delta, theta, alpha,

15 beta and SMR representations.

A system for simultaneously monitoring and manipulating
waveforms in a continuum from 0 to 90Hz is not found in the prior
art.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 is a schematic diagram of the system in accordance
with the present invention.
Fig. 2 is a schematic diagram of the computer system in
accordance with the present invention.
Fig. 3 is a front view of the display of the present
25 invention for a "“heavy hands" condition. @ _ __ _
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Fig. 4 is a front view of the display of the present
invention for a "“warm hands" condition.
Fig. 5 is a front view of the display of the present
invention for a "“heavy warm hands" condition.
5 Fig. 6 is a front view of a display of the present
invention for a "happy" condition.
Fig. 7 is a front view of a display for a post traumatic
stress disorder with a closed head injury condition.
S Y OF THE INVENTION
10 Briefly described, the invention comprises a system for
monitoring and manipulating bioelectric and biofeedback data in a
range of about 0 to about 90 hertz. The system typically includes
recording and displaying waveforms in 1 hertz or less windows.
In a preferred embodiment, an active electrode is mounted
15 along the midline of the skull of the person. A reference
electrode and a ground electrode are placed on opposite ears of the
person. Bioelectric EEG signals of the person are detected by the
active electrode, reference electrode, and ground electrode. A
preamplifier amplifies and optically isolates the detected
20 biocelectric signals. The amplified data is transmitted to a signal
processor. Preferably, the signal processor is a digital signal
processor of a computer. A computer useful in practice of the
present invention is manufactured by NeXT, Inc., as NeXT® station.

NeXT® is a registered trademark of NeXt Computer, Inc.

25 The signal processor performs a fast Fourier transform on
7
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the amplified biocelectric signal to determine the amplitude of the
bioelectric signal. Biofeedback software allows the user to
monitor bioelectric bandwidths of interest from the detected
bioelectric signals. A window of 1 hertz or less is detected
5 around the bioelectric bandwidth of interest. For example, if the
user chooses to monitor a bioelectric bandwidth of 14 hertz, the
window will be from about 13.5 hertz to about 14.5 hertz. The
amplitude of the bioelectric signal related to the bandwidth of
interest can be displayed in a first window of a computer display.
10 Also, an average value of the amplitude of the bioelectric signal
over time can be displayed in a second window of the computer
display. The amplitudes of the bandwidths of interest over time of
the sessions are stored in the memory of the computer so that a
monitoring session can be replayed. Also, detected amplitudes for
15 all bandwidths in the 0 to 90 hertz bandwidth can be stored in the
memory of the computer workstation
Biofeedback training is performed by observing the
displayed amplitudes of the bandwidths of interest and providing
verbal or musical feedback to the user in response to changes in
20 the observed displayed amplitudes.
DETAILED DESCRIPTION OF THE INVENTION
During the course of this description like numbers will
be used to identify like elements according to the different
figures which illustrate the invention.
25 Fig. 1 is a schematic diagram of an EEG biofeedback
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system 10 in accordance with the present invention. In a preferred
embodiment, a person 12 is monitored with three electrodes. Active
electrode 14 is mounted as comfortably as possible along the
midline of the skull of person 1l2. Reference electrode 16 is

5 placed on one ear of person 12 and ground electrode 18 is placed on
the other ear of person. 12. Preferably reference electrode 16 and
ground electrode 18 are attached with earclips. Active electrode
14 preferably has a contact surface with a length of about 6.5 cm
and a width of about 1.3 cm. It will be appreciated to those

10 skilled in the art that other sizes and shapes of electrodes can be
used with the teachings of the present invention.

Active electrode 14 is preferably placed lengthwise along
the midline of the top of the skull to overlay the cerebral
longitudinal fissure of person 12. A first band 15 is placed

15 around the head parallel to the eyebrows and across the middle of
the forehead 13 of person 12. A second band 17 is placed across
the top of the head of person 12 and attaches to first band 15.
Preferably first band 15 and second band 17 are formed of an
elastic material. In the alternative, active electrode 16 can be
20 part of a headphone device with reference electrode 16 and ground
electrode 18 incorporated into the earphones of the headphone
device. It will be understood by those skilled in the art that
types and arrangement of electrodes can be used. For example,
multiple sensors can be placed along multiple areas of the brain.
25 Biocelectric signals 20 detected by active ‘electrode 14,
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Conventi onal EEG bi of eedback net hods and apparatus have referenced
bral nvave act|V|tv I n terms 25 of large bands of EEG As such,

s w_orraH*y been cI aSSI fied as follows: del t a e e
e BRGE oI oRBIESYS Hz; Fhéta waves |ie in the: “Fesfey
-'f:r~equency rang.e f-4 .ta-7 Hggsalpha- \AB.VES I|e i n the frequency range of

B W13 Hz; WEra- Haves 14 e~§itit he fréquem,‘y range above 13 HHz; and
sensorinmotor rhythm (SMR) waves lie in the frequency range of 12 to 15 Hz.
Several patents have been 3107-002

HB305630886

reference electrode 16 and ground electrode 18 can be defined as
raw EEG data of person 12. Bioelectric signals 20 are applied by
line 21 to preamplifier 22. Bioelectric signals 20 can be in thez
range from about 0 to about 90 hertz. In an alternative

5 arrangement, bioelectric signals 20 can be remotely transmitted to
preamplifier 22 by a radio frequency transmitter. The radio
frequency transmitter can be attached to first band 15. This
remote transmitter has the advantage of allowing free movement of
patient 12 during monitoring of bioelectric signals 20.

10 Preamplifier 22 amplifies and optically isolates 'bioelectric
signals 20. Preferably preamplifier 22 amplifies bioelectric
signals 20 by a factor of about 10 to about 100. An example of a
pre-amplifier useful for practice of this invention is manufactured
by.Biofeedback Systems as Medical Pre-Amplifier Model PA-2M.

15 Amplified signal 24 is applied by line 25 to a signal
processor 100 of computer workstation 26 as shown in Fig. 2.
Signal processor 100 performs a fast Fourier transform (FFT) on
amplified signal 24 for determining the amplitude of the signal.
The amplitude of the biocelectric signal is defined in microvolts.

20 The processed biocelectric signals can be defined as brainwave J
signatures. A computer workstation useful for practice of this
invention is manufactured by NeXT, as the NeXT station computer.
The NeXT station includes a digital signal processor using fast
Fourier transforms. The FFT computation can be carried out in the

25
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computer workstation in real time. The amplitude can be determined
in a window of up to about 1 hertz around a bioelectric bandwidth.
Sampling of biocelectric signals 12 by computer workstation 26 is
performed at a rate of about 8,000 samples per second.

5 Biofeedback software 102 of computer workstations 26
provides selection of bandwidths of interest from the detected
biocelectric signals 20. A display driver 108 interacts with
biofeedback software 102 to display particular bandwidths of
interest on computer screen 28. Preferably computer screen 28 is

10 updated in one second intervals with the continued detection of
bicelectric signals 20. An example of biofeedback software, useful
for practice of the present invention is manufactured by In Sync
Institute Inc., as EEG Brainwave Analysis Program.

The amplitude values calculated from signal proéessor 100

15 related to the bandwidths of interest can be stored by biofeedback
software 102 in computer memory 106. Amplitude wvalues can be
stored over time for an entire session of brainwave monitoring. In
an alternative arrangement all amplitude values calculated for the
range of 0 to 90 hertz can be stored in computer memory 106.

20 Biofeedback software 102 interacts with CD sound system
104 of computer workstation 26. CD sound system 104 can be used in
training person 12, as described with reference to the following
drawings. A CD sound system is included in the NeXT station.

Fig. 3 illustrates a display 61 of a particular brainwave

25 signature. This brainwave signature relates to a "heavy hands”
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condition of person 12. To achieve the "heavy hands" condition
person 12 is asked to concentrate on feeling that they have heavy
hands. Bandwidths of 5 Hz, 7 Hz, l10Hz, 12Hz, 14Hz, 16Hz and 28Hz;
were chosen to be of interest. Monitoring of patient 12 with
biofeedback software 102 is started by having a user click a mouse
on the start monitoring window 78 and the monitoring of patient 12
is stopped by having a user click a mouse in the stop monitoring
window 80 of display 61. An amplitude for a 1 hertz windowféi;und}
each bandwidth was calculated with a FFT, as described abo&e. In
display 61, bandwidths of 5Hz, 7Hz, 10Hz, 12Hz, l4Hz, 16Hz, 20Hz
and 28Hz are displayed in respective windows 30a-b, 32a-b, 34a-b,
36a-~b, 38a-b, 40a-b, 42a-b and 44a-b. The amplitude of each of the
bandwidths is displayed in a first portion window 30a, 32a, 34a,
36a, 3%9a, 40a, 42a snf 44a and a bar graph of the amplitude is
displayed a second window 30b, 32b, 34b, 36b, 38b, 40b, 42b and
44b. A value of the average amplitude for each band is displayed
in windows 46a-b, 48a-b, 50a-b, 52a~b, S54a-b, 56a-b, 58a-b and 60a-
b. Windows 62a-b, 64a-b, 68a-b, 70a-b, 72a?b, 74a-b and 76a-b
indicate the average amplitude of the brainwave signature. Display

61 indicates that a "heavy hands" condition causes an increased

wvalue for the 14 hz bandwidth than for the other displayed

bandwidths.

Display 63 illustrates a brainwave signature related to
a "warm hands" condition of patient 12, as shown in Fig. 4.
Display 63 shows that a "warm hands" condition causes an increased

12
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value for the 28 hertz bandwidth. Display 65, shown in Fig. 5,
illustrates a brainwave signature related to a "heavy, warm hand"
condition of person 12. 1In this condition, person 12 is asked to
concentrate on the feeling of having "heavy warm hands". Display
63 shows increased values for the 14 hertz and 28 hertz bandwidths.

Display 67 illustrates a brainwave signature for a
condition of "being happy", as described in Fig. 6. The "being
happy" condition shows increased values in the 3 hz, 7 hz and 16 hz
bandwidths.

From the brainwave signature displays 61, 63, 65 and 67
it is shown that monitoring of the muscular system with the
condition of "heavy hands" increases the 14 hz bandwidth;
monitoring the vascular system with the condition of "warm hands"
increases the 28 hz window; and monitoring the emotional system
with the condition of being "happy" increases the 7 hz, 10 hz and
16 hz bandwidths. Displays 61, 63, 65, 67 and 69 can include a
ratio of two wavelengths. For example, a "7/14" ratio is displayed
in window 45. A ratio of less than one indicates a higher value of
the 14 htz bandwidth than for the 7 hz bandwidth.

Fig. 7 is a display 69 of a brainwave signature for a
person with a post traumatic stress disorder. Low values are
displayed in windows 32, 34, and 36 relating to bandwidths 7, 10
and 12 hz, respectively. The low values illustrate a slow down of
the brain for a person with a stress disorder. A high value is
shown in window 35 for a 3 hz bandwidth. Displays 61, 63, 65, 67

13
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degree of simlarity between the two signals. A major disadvantage in the

. conventlonal EEG blofeedback studi es has been the poor resolutlon of 15
; C pyal =~ bandpass flltETSFWL" - Front

SPERSARBITR 1 T S SRS R %7
-'_-:@,a‘d,e.‘dvby an upsur.ge of. ﬂeci&; Caju=energy -
2Ea e 8 B DO pSErge - of el ®Et R CEF Henergy

acconpanles nuscle novenent . and hi gh anplitude sl ow waves activity
acconpani es many cer ebr al di sorders. These unwant ed, and akh @l equUeENt,
signal contam nating sources are referred to as artlfacﬁggagggﬁaQQpass
analysis 1is

and 69 are displays of actual monitoring 6f a person with system

10.
Person 12 can be trained with EEG biofeedback system 10
by having a trainer monitor the brainwave signatures and give
5 verbal feedback to the client relative to the observed brainwave
signature. For example, after a patient is asked to think about a
cognitive state a resulting brainwave signature is displayed, for
example as shown in display 61. If patient 12 strays from thinking
about the desired cognitive state (i.e., daydreaming or thinking
10 about tonight's dinner party) a surge of energy in one or more
bandwidths will occur and the displayed brainwave signature will be
altered. At this time, the trainer can verbally guide patient 12
back to the desired brainwave signature.
CD sound system 104 can also be used to train person 12.
15 A detected bandwidth can be chosen to be reinforced by sounds from
sound system 104. For example, for the condition of "heavy hands"
the 14 hz bandwidth can be chosen with biofeedback software 102 to
be monitored by sound system 104. A music score begins playing as
patient 12 is monitored. The loudness of the music will increase
20 when an increased 14 hertz bandwidth is detected. If the loudness
of the music decreases, person 12 is alerted that the concentration
on the condition of "heavy hands" has diminished. The other
patient 12 can concentrate on the "heavy hands" condition to
increase the loudness of the music. An individual music score can
25 be used for each desired bandwidth to be monitored.

14
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25 dependent on differential preanplifiers which multiply many
t housands of tinmes (i.e., as nuch as 50,000 tines) the biologic signals and
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The present invention has the advantage of monitoring
bioelectric signals in a continuous spectrum in the range of about
0 to about 90 hertz. A brainwave signature corresponding to up to
a 1 hertz window around bandwidths of interest can be displayed on
5 a computer display for easily and accurately monitoring the
cognitive state of the person being monitored. A person can be
expeditiously trained with wverbal or musical feedback related to

the displayed brainwave signature.
While the invention has been described with reference to
10 the preferred embodiment, this description is not intended to be
limiting. It will be appreciated by those of ordinary skill in the
art that modifications may be made without departing from the

spirit and scope of the invention.

This Sheet Has Been Replaced

- l|I|I| ||II|H|IIII|




5 I nexact bandwidths are wused to train specific brainstates.

An exact analysis of waveforns is essential to EEG bi of eedback
Sehe . ' e ' -g-gopventd-onal systens .i-s their FelHiahAce

g LB - . FOL. .exanpl g, when. nDnltorlng a 14
NSl SIS HOr.nnE g ~&§Mﬂ6ﬁFy-one conponent- wi Il be
neasured t hus 13 of the 14 conponents of the waveform are m ssed. The

prior art also has the dlsadvantage 15  ~Tofbeing I|n1teg!g%cgaga

o S

I CLAIM:
1. An apparatus for analyzing a bioelectric signal of
a person comprising:
detecting means for detecting a biocelectric signal from
5 said person:;
amplifying means for amplifying said detected biocelectric
signal;
signal processing means for processing the amplified
bioelectric signal to obtain a brainwave signature of the cognitive
10 state of said person; and
display means for displaying said brainwave signature,
wherein said brainwave signature is displayed in a plurality of
windows.

15 2. The apparatus of claim 1 wherein said windows have

a range of up to about 1 hertz.

3. The apparatus of claim 2 wherein said signal
processing means is performed in a computer and includes performing

20 a fast Fourier transform on said amplified bioelectric signal.

4. The apparatus of claim 3 further comprising:
storage means in said computer for storing said brainwave
signature.

25
This Sheet Has Been Replaced

; LT

Maitpass «conft gured- 10 - si'gnal at &



wavefornms in a continuumfromO to 90Hz is not found in the prior art. 20

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic diagram of the

e, “g) Gy Bﬁg,s 1@—, on Vi éW.Qf thedl spJ ay of tghe present invention
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5. The apparatus of claim 4 wherein said detected

bioelectric signal is in the range from about 0 to about 90 hertz.

6. The apparatus of claim 5 wherein said brainwave

signature is displayed in real time.

7. The apparatus of claim 6 wherein said bicelectric

signal is detected at a rate of 8,000 times per second.

8. The apparatus of claim 7 wherein the detected

bioelectric signal is amplified by a factor of about 100.

9. The apparatus of claim 8 further comprising:
sound means for increasing the loudness of a sound in

response to said detected brainwave signature.

10. A method for analyzing a bioelectric signal of a
person comprising the steps of:

detecting said bioelectric signal from said person;

amplifying said detected bioelectric signal;

processing said amplified signal to obtain a brainwave
signature of the cognitive state of said person; and

displaying said brainwave signature on a display, wherein
said brainwave signature. is displayed in a plurality of windows,
each of said windows having a range of up to about 1 Hz.

17
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present invention for a "warm hands" condition Fig. 5is a front view of

the dlsplav of the present |nvent|on for heavy war m hands" condition.
~HFY. SHeaE PR SoeeEn | p Z=presentz=nvention for- -an
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#B¥ef |y described, the invent¥6n-conmprises

AN A 3107-002
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11. The method of claim 10 further comprising the step

of:
storing said brainwave signatures in a computer storage
means.
5
12. The method of claim 11 wherein said processing step
includes performing a fast Pourier transform on said amplified
siénal.
10 13. The method of claim 12 wherein said brainwave
signature monitors the vascular system of said person.
14. The method of claim 12 wherein said brainwave
signature monitors the emotional system of said person.
15
15. The method of claim 12 wherein said brainwave
signature monitors the vascular and emotional system of said
person.
20 16. The method of claim 12 wherein said brainwave

signature monitors a stress disorder of said patient.
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a system for nonitoring and mani pul ati ng bi oel ectric and bi of eedback data
|n a range of about 0 to about 90 hertz The systemtypically includes
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S|gnals of the person._are detected by 20 the actlve el ectrode,

ref erence el ectrode, and ‘ground el ectr ode. A preanplifie bl i es and
optically isolates the detected bioelectric signals. b ified
data is transmtted to a signal processor. HB 6

INVENTOR: MICHAEL A. TANSEY

TITLE: ELECTROENCEPHALIC NEUROFEEDBACK APPARATUS AND METHODS
5 METHOD FOR TRAINING AND TRACKING OF COGNITIVE STATES

ABSTRACT OF THE DISCLOSURE

10 A biofeedback system provides measurement of bioelectric
signals in up to about a 1 hertz window of particular bandwidths.
A biocelectric signal is amplified by a preamplifier. The composite
amplitude of the signal is determined by performing a fast Fourier
transform on the amplified signal. Particular bandwidths can be
15 displayed and monitored on a computer. The display permits

training of the person being monitored with audio or verbal

feedback.
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ELECTROENCEPHALIC NEUROFEEDBACK APPARATUS
AND METHODS

INVENTOR: MICHAEL A. TANSEY
CROSS REFERENCE TO RETLATED APPLICATION

This application is a continuation of U.S.
Patent Application entitled: ELECTROENCEPHALIC
NEUROFEEDBACK APPARATUS AND METHODS TFOR TRAINING AND
TRACKING OF COGNITIVE STATES, Serial No. 07/940,190,
filed September 3, 1992 which is a continuation in
part of U.S. Patent Application entitled: THE TANSEY
TECHNIQUE AND TRAINING SYSTEM: ELECTROENCEPHALIC
NEUROFEEDBACK APPARATUS, PROCEDURE AND METHOD FOR THE
TRACKING AND TRAINING OF COGNITIVE STATES AND THE
REMISSION OF DISORDERS CHARACTERIZED BY CEREBRAL
DYSFUNCTION, Serial No. 07/831,182, filed February 5,
1992, the entire text and contents of which are
incorporated by reference into this application.

W
1. Field of the Invention -

The invention relétes to an apparatus and
method for monitoring, analyzing and utilizing
brainwave data.

2. Description of the Related Art

The human brain can be viewed as
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Bi of eedback software allows the user to nmonitor 5 bi oel ectric '

bandw dt hs of
hertz or | ess

interest fromthe detected bioelectric signals. A w ndow of 1
is selected around the bioelectric bandwi dth of interest. For

exanple, if the user chooses to nonitor a signal of 14 hertz,
the wi ndow will be 10 fromabout 13.5 hértz to about 14.5 hertz. The
anpl i tude of the bkaﬁke%ﬁamlﬂ{@rﬁeqla%edswa;m?c %&%waqlrshaﬁé Adianest
can be displayed in a first wndow of a conputer display. "Also, an average

val ue of the anpli hedevatibhemdtoptart r mhesegpathQues dhdemdbrices Gife be
di spl ayed in a second wi ndow of the conputer display. The anplitudes of the

bandw dt hs of

10

15

20

25

i nt epestiisposed to functionally respond and further
develop with use. This is the basis for all higher
learning. At any given moment, the brain radiates a
plethora of events, tasks and states which are related
to neural discharge patterns. Neural discharge
patterns can be defined as brainwave signatures. A
brainwave signature can be associated with human
cognitive states, learning, intellectual ability and
disability.

Considerable research has been directed to
bioclogical feedback of brainwave signals Xknown as
electroencephalogram (EEG) signals. One conventional
neurophysiological study established a <functional
relationship between behavior and bandwidths in the
12-15 Hz range relating to sensorimotor cortex rhythm
EEG activity (SMR). Sterman, M.B., Lopresti, R.W., &
Fairchild, M.DP. (1969). Electroencephalographic and
behavioral studies of monomethylhdrazine toxicity in
the cat. Tec nicﬁl Report AMRI-TR-69 3, Wright-
Patterson Air Force Base, Ohio, Air Systems Command.
A cat's ability to maintain muscular calm, explosively
execute precise, complex and coordinated sequences of
movements and return to a state of calm was studied by
monitoring a 14 cycle brainwave. The brainwave was
determined to be directly responsible for the

suppression of muscular tension and spasm. It was

REPLACEMENT SHEET
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over time of the sessions are stored in the.nenory of the conputer so that
a nonitoring session can be repl ayed. Al so, detected anplitudes for
all 20 bandwi dths in the 0 to 90 hertz range can be stored in the
menory of the conputer workstation Biofeedbagck training is perforned by
observing the displ ayed anplitudes of the bandw dths of interest and

providing verbal o0 USiflodRGARAK it thd Ocddle USEIal Bel €3AONSE &8
changes in the observed di spl ayed anplitudes. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON Duri ng t heici@asee the Stirend@sCbifptdgat ilfiike dRERhARRMENEtSHERLS SG
associated with suppression of muscular tension and
spasm. Thereafter, when the cats were administered
5 drugs which would induce spasms, the cats which were
trained to strengthen their brainwaves were resistent
to the drugs.
The 12-15 Hz SMR brainwave band has been
used in conventional EEG biofeedback training for
10 rectifying pathological brain underactivation. In
particular the following disorders have been treated
using biofeedback training: epilepsy (as exemplified
in M.B. Sterman's, M.B. 1973 work on the
"Neurophysiologic and Clinical Studies of Sensorimotor
15 EEG Biofeedback Training: Some Effects on Epilepsy"
L. Birk (Ed.), Biofeedback: Behavioral Medicine, New
York: Grune and Stratton):; Glles de la Tourette's
syndrome and muscle tics (as exemplified in the
inventor's 1986 work on "A Simple and a Complex Tic
20 {(Giles de la Tourette's Syndrome): Their response to
EEG Sensorimotor Rhythm Biofeedback  Training",
International Journal of Psychophysiologoy, 4, 91-97
(1986)): hyperactivity (described by M.N. Shouse, &
J.F.' Lubar's in the work entitled "Operant
25 Conditioning of EEG Rhythms and Ritalin in the
Treatment of Hyperkinesis®, Biofeedback and Self-
Regulation, 4, 299-312 (1979); reading disorders

{described by M.A. Tansey, & Bruner, R.L.'s in Y“EMG
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9
10. nunbers will be used to identify like elenents according to the
ditferent figures which illustrate the invention. Fig. 1 is a schematic
di agram of an EEG 5 bi of eedback system 10 in accordance with the
present invention. In a preferred enbodi nent, a person 12 is nonitored with
three el ectrodes. Active electrode 14 is nfunted as confortably as possible

along the mdline anOcI Eé&%io%gggéacffi‘r 1%risn%ninlghe Tre%egmeern n%ef a 10-
year old Hyperactive Boy with a Developmental Reading
Disorder", Biofeedback and Self-Regulation, 8, 25-37
(1983} ); learning disabilities related to the finding

5 of consistent patterns for amplitudes of various
brainwaves (described in Lubar, Bianchini, <Calhoun,
Lambert, Brody & Shabsin's work entitled "Spectral
Analysis of EEG Differences Between Children with and
without Learning Disabilities", Journal of Learning

10 Disabilities, 18, 403-408 (13985)) and:; learning
disabilities (described by M.A. Tansey in "Brainwave
signatures =~ An Index Reflective of the Brain's
Functional Neuroanatomy: Further Findings on the

Effect of EEG Sensorimotor Rhythm Biofeedback Traiﬂing

15 on the Neuroclogic . Precursors of Learning
Disabilities®, International Journal of
Psychophysiology, 3, 85-89 (1985)). In sum, a wide

variety of disorders, whose symptomclogy includes

impaired’ voluntary control of one's own muscles and a

20 lowered cerebral threshold of overlocad under stress,

were found to be treatable by “exercising” the
supplementary and sensorimotor areas of the brain.

Conventional EEG biofeedback methods and

apparatus have referenced brainwave activity in terms

25 of large bands of EEG. As such, brainwave activity

has traditionally been classified as follows: delta

waves lie in the freguency range of 0 to 3.5 Hz; theta

waves lie in the frequency range of 4 to 7 Hz; alpha

| REPLACEMENT SHEET
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10; _electrode 16 is placed on one ear of person 12 and ground el ectrode
18 is placed on the other ear of person 12. Preferably reference

el ectrode 16 and ground el ectrode. 18 are attached with earclips. Active

el ectrode 14 preferably has a contact surfage 15 with a |l ength of about
6.5 cm and a width of about 1.3 cm It will be appreciated to those
skilled in the artwivWeé¢ Dbidein stiesteeguaimpasanie e ect rosless can; heetissed
with the teachings of the present invention. Active electrode 14 is
preferably placed ?dves lliendrhvilse Bfeaupndie nanki¢ nabotet B8 iz iofandhe

skull to overlay the cerebral |ongitudinal fissure of person 12. A first
band 15 is pl acedSaPTRMHENYFRE HEAthm (SMR) waves lie in the frequency
range cof 12 to 15 Hz. Several patents have been
5 directed to monitoring EEG in terms of the sensed

amplitudes and percentages of alpha, theta, beta,
delta and SMR waves.
U.S. Patent No. 4,928,704 describes a
biofeedback method and system for training a person to
10 develop useful degrees of voluntary control of
personal EEG activity. EEG sensors are attached to
cortical sites on a head of a person for sensing EEG
energy. EEG electrical energy is filtered into the
pre~defined sub-bands of alpha, theta, beta and delta.
15 Other patents directed to EEG biofeedback with alpha,
theta, beta, delta and SMR waves include U.S. Patent
Nos.: 3,855,988; 4,140,997; 4,883,067; 4,919,143;
5,024,235 and European Patent No. 375,106.
U.S. Patent No. 4,746,751 describes a systen
20 for displaying multichannel EEG'data. In performing
this, the procedure and method entails Evoked Response
Pofential signal averaging. A summed signal averaged
brain map may be pieced together being comprised-of
reflections of the average amount of overall energy
25 monitored over many electrode sites. In ERP, the
subject receives a set of stimuli which evoke
brainwaves. Other examples of patents directed toc ERP

include U.S. Patent Nos.: 4,498,080; 4,926,969 and PCT
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pactallel to the eyebrows and across the mddle of the forehead 13 of person

12. A second band 17 is placed 25 across the top of the head of person
12 and attaches to first band 15. Preferably first band 15 and second band
17 are forned of an elastic material. In the alternative, active

el ectrode 16 can be part of a REPLACEMENT SHEET headphone device with
reference el ectrodeatengnelpgl uatiehend s ceosbbys .ncorporated into the

ear phones of the headphone device. It will be understood by those

U.S. Patent No. 4,926,969 ('969) was cited
in the inventor's parent application Serial No.
831,182. The '969 patent describes a sensory drive
5 controller designed to detect evoked response
potentials as a result of stimuli presented to the
person. EEG signals taken from the subject at
electrodes are amplified and filtered to enhance
averaging and correlation procedures for establishing
10 an ERP template. The ERP template is compared with
detected evoked response potentials to determine the

degree of similarity between the two signals.
A major disadvantage in the conventional EEG
biofeedback studies has been the poor resolution of
15 brainwave bands produced by conventional bandpass
filters used as a front end for signal processing
electronics. Another drawback has been that the
bandpass filters are easily overloaded by an upsurge
of elgctrical energy or high amplitude siow waves. An
20 upsurge of electrical energy accompanies muscle
movement and high amplitude slow waves activity
accompanies many cerebral disorders. These unwanted,
and all too fregquent, signal contaminating sources are
referred toc as artifacts. Bandpass analysis is
25 dependent on differential preamplifiers which multiply
many thousands of times (i.e., as much as 50,000
times) the biologic signals and any accompanying

artifacts. Such electronic/mechanical signal refiners
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skllled in the art that types and arrangenent of 5 el ectrodes can be
used. For exanpl e, nultiple sensors can be placed along nultiple areas of
the brain. Bioelectric signals 20 detected by active el ectrode 14,
reference electrode 16 and ground el ectrode, 18 can be defined as raw EEG
dat a of person 10 12. Bioelectric signals 20 are applied by line 21 to

preanpl i fier %é%%f%gqﬁé:§EQQ%E§chaE?nJQ? tRet RBNi2BYE ngf r&M ggout 0

to about 90 h an alternative arrangenent, bioelectric
signals 20 can be diymfely transmitted to preanplifier 22 by a radio 15
frequency transmtter. The radio frequency transmtter can be
attached to first band 15. ZAddther disadvantage in conventional
mechanical bandpass filtering is that arbkitrary and
5 inexact bandwidths are used to train specific
brainstates. An exact analysis of waveforms is
essential to EEG biofeedback protocols. Additional
drawbacks to conventional systems is their reliance on
multiplexors which may sample the bandpass configured
10 signal at a rate of one sampling per second of time.
For example, when monitoring a 14 cycle per second
wave form 1l4Hz signal, only one component will be
measured, thus 13 of the 14 components of the waveform
are missed. The prior art also has the disadvanﬁage
15 of being limited to delta, theta, alpha, beta and SMR
representations. |
A system for simultaneously monitoring
waveforms in a continuum from 0 to 90Hz is not found
in the prior art.
20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram of the system
in accordance with the present invention.
Fig. 2 is a schematic diagram of the
computer system in accordance with the present

25 invention.
Fig. 3 is a front view of the display of the
present invention for a "heavy hands" condition.

Fig. 4 is a front view of the display of the

| REPLACEMENT SHEET
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renote transmtter has the advantage of allow ng free novenent of patient
12 during nonitoring of bioelectric signals 20. Preanplifier 22
anplifies and 20 optically isolates bioelectric signals 20. Preferably
preanplifier 22 anplifies bioelectric signals 20 by a factor of about 10 to
about 100. An exanpl e of a pre- anplifier u%eful for practlce of this

I nvention i s manuf actur Bltofoee back St% r?‘és on J‘thOre- 25
Ampl i fier Model PAPW’A n&§| Kal & PE r%% d% IHe ' 25 to a
signal processor 100 of congut Swgkétﬁtdxﬂ:nv%@kﬁéfsa?%iéblaﬂofzthg" gnal

processor 100 perforns a fast SEPLACEMENT  SHEE
present invention for a "heavy warm hands" condition.

Fig. 6 is a front view of a display of the
S present invention for a "happy" condition.

Fig. 7 is a front view of a display for a
post traumatic stress disorder with a closed head
injury condition.

SUMMARY OF THE INVENTION

10 Briefly described, the invention comprises
a system for monitoring and manipulating bioelectric
and biofeedback data in a range of about 0 to about 90
hertz. The system typically includes recording and
displaying waveforms in 1 hertz or less windows. .

15 In a preferred embodiment, an active
electrode is mounted along the midline of the skull of
the person. A reference electrode and a ground
electrode are placed on opposite ears of the person.

Bioelectric EEG signals of the person are detected by

20 the active electrode, reference electrode, and ground
electrode. A preamplifier amplifies and optically
isolates the detected bicelectric signals. The

amplifiea data is transmitted to a signal processor.
Preferably, the signal processor is a digital signal
25 processor of a computer. A computer useful in
practice of the present invention is manufactured by
NeXT, Inc., as NeXT® Station. NeXT® is a registered

trademark of NeXt Computer, Inc.
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defined as 5

br ai nwave si gnat ures.

Fourier transform (FFT) on anplified signal 24 for
determ ning the anplitude of the signal
signal is defined in mecrovolts.

The anplitude of the bioelectric
The processed bioelectric signals can be
A cogmput er wor kst ati on useful for

practice of this invention is manufactured by NeXT, as the NeXT station

conputer. The NeXT station i '&‘He”g‘%gnél%ﬂée@so? 98?&0%9%%?%1: ¥RuRgelast

Fourier transfornms. The FFT conput

10

15

20

25

tron can be carri ed out
transform on the amplified biocelectric signal to

determine the amplitude of the bioelectric signal.
Biofeedback software allows the user to monitor
biocelectric bandwidths of interest from the detected
bioelectric signals. A window of 1 hertz or less is
selected around the bicelectric bandwidth of interest.
For example, if the user chooses to monitor a
bioelectric bandwidth of 14 hertz, the window will be
from about 13.5 hertz to about 14.5 hertz. The
amplitude of the biocelectric signal related to the
bandwiéth of interest can be displayed in a first
window pf a computer display. Also, an average value
of the amplitude of the bioelectric signal over time
can be displayed in a second window of the computer
display. The amplitudes of the bandwidths of interest
over time of the sessions are stored in the memory of
the computer so that a monitoring session can be
replayed. Also, detected amplitudes’ for all
bandwidths in the 0 to 90 hertz range can be stored in
the memory of the computer workstation

Biofeedback training is ©performed by
observing the displayed amplitudes of the bandwidths
of interest and providing verbal or musical feedback
to the user in response to changes in the observed
displayed amplitudes.

S TION

During the course of this description like

—

e
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10, the conputer workstation in real tinme. The detected signal is

anal yzed to cal culate the anplitude of each of the frequencies in the
detected range. A window of up to about 1 hertz around a particul ar
frequency defines a bioelectric bandwidth of interest. Sanpling 15 of
bi oel ectric signals 12 by conputer wor kst at¥bn 26 is perfornmed at a rate of

about 8,000 sampl eg.pecrseconty Bl oedback, SeALNRILy 1Pfe Ofe1 UMY €F

workstations 26 provides selection of bandw dt _ Interest from
the detected bioel gebbik@ifhIRal £hé0.ai fhedenR! BigliriesewnkiQd, | NiRIAGTeW th

bi of eedback software 102 to display particular bandw dths of interest on
the invention.
Fig. 1 is a schematic diagram of an EEG
5 biofeedback system 10 in accordance with the present
invention. In a preferred embodiment, a person 12 is
monitored with three electrodes. Active electrode 14
is mounted as comfortably as possible along the
midline of the skull of person 12. Reference
10 electrode 16 is placed on one ear of person 12 and
ground electrode 18 is placed on the other ear of
person 12. Preferably reference electrode 16 and
ground electrode. 18 are attached with earclips.
Active electrode 14 preferably has a contact surface
15 with a length of about 6.5 em and a width of about
1.3 cm. It will be appreciated to those skilled in
the art that other sizes and shapes of electrodes can
be used with the teachings of the present invention.
Active electrode 14 is preferably placed
20 lengthwise along the midline of the top of the skull
to overlay the cerebral longitudinal fissure of person
12. A first band 15 is placed around the head
parallel to the eyebrows and across the middle of the
forehead 13 of person 12. A second band 17 is placed
25 across the top of the head of person 12 and attaches
to first band 15. Preferably first band 15 and second
band 17 are formed of an elastic material. In the

alternative, active electrode 16 can be part of a
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conputer screen 28. Preferably conputer screen 28 is updated in one second
intervals with the continued 25 detection of bioelectric signals 20.
An exanpl e of bi of eedback software, useful for practice of the present

invention is manufactured by In Sync Instijyte Inc., as EEG Brai nwave
Anal ysi s Program 13 The anplitude val ues cal cul ated from signal

processor 100 rel ﬂESGEBQnéhedéWEM dihs ofetotenest carthiodst ored A

bi of eedback software 102 I n conputer

ground electrode 18 incorporated into the earphones of
the headphéne device. It will be understood by those
skilled in the art that types and arrangement of
5 electrodes can be used. For example, multiple sensors
can be placed along multiple areas of the brain.
Bioelectric signals 20 detected by active
electrode 14, reference electrode 16 and ground
electrode 18 can be defined as raw EEG data of person
10 12. Bioelectric signals 20 are applied by line 21 to
preamplifier 22. Bioelectric signals 20 can be in the
range from about O to about 90 hertz. In an
alternative arrangement, bioelectric signals 20 can be
remotely transmitted to preamplifier 22 by a radio
15 frequency transmitter. The radio frequency
transmitter can be attached to first band 15. This
remote transmitter has the advantage of allowing free
movement of patient 12 during monitoring of
bioelectric signals 20. Preamplifier 22 amplifies and
20 optically isolates bioelectric signals 20. Preferably
preamplifier 22 amplifies biocelectric signals 20 by a
factor of about 10 to about 100. An example of a pre-
amplifier useful for practice of this invention is
manufactured by Biofeedback Systems as Medical Pre-
25 Amplifier Model PA-2M.
Amélified signal 24 is applied by line 25 to
a signal processor 100 of computer workstation 26 as

shown in Fig. 2. Signal processor 100 performs a fast

REPLACEMENT SHEET

17 SEP 1996




<

menory 106. Anplitude val ues can be stored over tine 5 for an entire
séssion of brainwave nonitoring. In an alternative arr angenent al

anpl i tude val ues cal culated for the range of 0 to 90 hertz can be stored
in conmputer nenory 106. Bi of eedback software 102 interacts with CD 10
sound system 104 of conputer workstation 282 CD sound system 104 can be

used in training person 12, as described wth reference to the | l.ow ng
drawi ngs. A CD souﬁﬁu§y%¥eﬁFP§sFﬂETU&EHT?nQPhémﬁﬁﬁfﬁﬁﬂﬂ?%ﬁﬂg%ﬁég gor

LRSS SPhele R tind oo DS Yhe BLOAILE M. Sppavuke

of the biocelectric signal is defined in microvolts.

The processed bioelectric signals can be defined as

LY brainwave signatures. A computer workstation useful

for practice of this invention is manufactured by

NeXT, as the NeXT statién computer. The NeXT station

includes a digital signal processor using fast Fourier

transforms. The FFT computation can be carried out in

10 the computer workstation in real time. The detected

signal is analyzed to calculate the amplitude of each

of the frequencies in the detected range. A window of

up to about 1 hertz around a particular frequency

defines a bioelectric bandwidth of interest. Sampiing

15 of bioelectric signals 12 by computer workstation 26

is performed at a rate of about 8,000 samples per
second.

Biofeedback software 102 of computer

workstations 26 provides selection of bandwidths of

20 interest from the detected biocelectric signals 20. A

display driver 108 interacts with biofeedback software

102 to display particular bandwidths of interest on

computer screen 28. Preferably computer screén 28 is

updated in one second intervals with the continued

25 detection of bioelectric signals 20. An example of

biofeedback software, useful for practice of the

present invention is manufactured by In Sync Institute

Inc., as EEG Brainwave Analysis Program.

REPLACEMENT orery

17 SEP 996 |




A}

pe[son. 12.

To achi eve the "heavy hands" condition person 12 is asked to

concentrate on feeling that they have heavy hands. Bandwi dths of 5 Hz, 7

Hz, 10Hz,°
i nt er est.

20
Mon

12Hz, 14Hz, 16Hz and 28Hz were chosen to be of
itoring of patient 12 with bi ofgedback software 102 is started

by having a user click a nouse on the start nonitoring w ndow 78 and the
monitoring of patient 12 is sheppgsh udavialged da@cuthiceld 8rdh signdDuse
in'the stop nonitoring wi ndow 80 of display 61. An anplitude for a 1 hertz
wi ndow ar ound eachpdetessed Bandwedbhedasocdiheultaretvidtis cofFFintasest
descri bed above. In display 61, bandw dths of 5Hz, 7Hz, 10Hz, REPLACEMENT

SHEET

10

15

20

25

can be stored by biofeedback software 102 in computer
memory l1l06. Amplitude values can be stored over time
for an entire session of brainwave monitoring. In an
alternative arrangement all amplitude values
calculated for the range of 0 to 90 hertz can be
stored in computer memory 106.

Biofeedback software 102 interacts with CD
sound system 104 of computer workstation 26. CD sound
system 104 can be used in training person iz, as
described with reference to the following drawings.
A CD sound system is included in the NeXT station.

Fig. 3 illustrates a display 61 _of a
particular' brainwave signature. This brainwave
signature relates to a "heavy hands" condition of
person 1l12. To achieve the "heavy hands" condition
person 12 is asked to concentrate on feeling that they
have heavy hands. Bandwidths of 5 Hz, 7 Hz, 1l0Hz,
12Hz, 14Hz, 16Hz and 28Hz were chosen to be of
interest. Monitoring of patient 12 with biofeedback
software 102 is started by having a user click a mouse
on the start monitoring window 78 and the monitoring
of patient 12 is stopped by having a user click a
mouse in the stop monitoring window 80 of display 61.
An amplitude for a 1 hertz window around each detected
bandwidth was calculated with a FFT, as described

above. In display 61, bandwidths of 5Hz, 7Hz, 1l0Hz,
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14 12Hz, 14Hz, 16Hz, 20Hz and 28Hz are displayed in

respective w ndows 30a-b, 32a-b, 34a-b, 36a-b, 38a-b, 40a-b, 42a-b and
44a-b. The anplitude of each of the bandwidths is displayed in a first
portion wi ndow 30a, 5 32a, 34a, 36a, 39a, 40a, 42a and 44a and a bar
graph of the anplitude is displayed a secoAfl wi ndow 30b, 32b, 34b, 36b,
38b, 40b, 42b and  44b. val ue of, the gyerage %ﬂﬁlitude for each bapdwi dth

is displayed in

10

15

20

25

2Rz, 4Hz, 1l6Hz, 20Hz a z are isplayed 1n
respective windows 30a-b, 32a-b, 34a-b, 36a-b, 38a-b,
40a-b, 42a-b and 44a-b. The amplitude of each of the
bandwidths is displayed in a first portion window 30a,
32a, 34a, 36a, 3%a, 40a, 42a and 44a and a bar graph
of the amplitude is displayed a second window 30b,
32b, 34b, 36b, 38b, 40b, 42b and 44b. A value of the
average amplitude for each bandwidth is displayed in
windows 46a-b, 48a-b, 50a-b, 52a-b, 54a-b, 56a-b, 58a-
b and 60a~-b. Windows 62a-b, 64a-b, 68a-b, 70a-b, 72a-
b, 74a-b and 76a-b indicate the average amplitude of
the brainwave signature. Display 61 indicates that a
"heavy hands" condition causes an increased value for
the 14 hz bandwidth than for the other displayed
bandwidths.

Display 63 illustrates a brainwave signature
related to a "warm hands" condition of patient 12, as
shown in fig. 4. Display 63 shows that a "warm hands"
condition causes an increased value for the 28 hertz
bandwidth. Display 65, shown in Fig. 5, illustrates
a braipwave signature related to a "heavy, warm hand"
condition of person 12. 1In this condition, person 12
is asked to concentrate on the feeling of having
"heavy warm hands”. .Display 63 shows increased values
for the 14 hertz and 28 hertz bandwidths.

Display 67 illustrates a brainwave signature
for a condition of "being happy", as described in Fig.

6. The "being happy" condition shows increased values
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17 SEP 1996

Bt At e i 3 ey




W ndows 46a-b, 48a-b, 50a-b, 52a-b, 54a-b, 56a-b, 58a- 10 b and 60a-b.
W'ndows 62a-b, 64a:b, 68a-b, 70a-b, 72a- b, 74a-b and 76a-b indicate the
average anplitude of the brainwave signature. Display 61 indicates that a
"heavy hands"” condition causes an incr easegI value for the 14 hz bandw dth
than for the other displayed 15 bandwi dths. Di splay 63 illustrates a

br ai nwave si gnat ur g, relatedd 0 A wan hands’ naadibies. of patient 12, as
[ﬁsp ay 6 " angs"

shown in Fig. 4. shows that a "warm condition causes an
i ncreased value for the 28 hefdw &% brabangié dhgnabhsel aispiayshama in

Fig. 5 illustrates a brainwave signature related to a "heavy, warm hand"
63, 65 and 67 it is shown that monitoring of the
muscular system with the condition cf "heavy hands"

5 increases the 14 hz bandwidth; monitoring the vascular
system with the condition of "warm hands" increases
the 28 hz window; and monitoring the emotional system
with the condition of being "happy" increases the 7
hz, 10 hz and 16 hz bandwidths. Displays 61, 63, 65,

10 67 and 692 can include a ratio of two wavelengths. For
example, a "7/14" ratio is displayed in window 45. A
ratio of less than one indicates a higher value of the
14 hz bandwidth than for the 7 hz bandwidth.
Fig. 7 1is a display 69 of a brainﬁave
15 signature for a person with a post traumatic stress
disorder. Low values are displayed in windows 32, 34,
and 36 relating to bandwidths 7, 10 and 12 hgz,
respectively. The low values illustrate a slow down
of the brain for a person with a stress disorder. A
20 high value is shown in window 35 for a 3 hz bandwidth.
Displays 61, 63, 65, 67 and 69 are displays of actual
monitoring of a person with system 10.
Person 12 can be trained with EEG
bioféedback system 10 by having a trainer monitor the
25 brainwave signatures. and give verbal feedback to the
client relative to the observed brainwave signature.
For example, after a patient is asked to think about

a cognitive state a resulting brainwave signature is
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condition of person 12. In this condition, person 12 is asked to - .
concentrate on the feeling of having "heavy warm hands”. Di splay 63 shows

i ncreased val ues 25 for the 14 hertz and 28 hertz bandw dt hs. D splay
67 illustrates a brainwave signature for a é%ndition of "being happy", as
described in Fig. 6. The "being happy" conditi on shows increased val ues

é?s:olna;gefi hz, 7 hgs Pidybe hzeandw i NS £ QAbERe 1B dipaus dgnat pee
patient 12 strays from thinking about the desired
cognitive state (i.e., daydreaming or thinking about
tonight's dinner party) a surge cf energy in one or
5 more bandwidths will occur and the displayed brainwave
signature will be altered. At this time, the trainer
can verbally guide patient 12 back to the desired
brainwave signature.

CD sound system 104 can also be used to
10 train person 12. A detected bandwidth can bé chosen
to be reinforced by sounds from sound system 104. For
example, for the condition of "heavy'hands“ the 14 hz
bandwidth can be chosen with biofeedback software 102
to be monitored by sound system 104. A music séore
15 begins playing as patient 12 is monitored. The
loudness of the music will increase when an increased
14 hertz bandwidth is detected. If the loudness of
the music decreasgs, person 12 is alerted that the
concentration on the condition of "heavy hands" has
20 diminished. The other patient 12 can concentrate on
the "heavy hands®" condition to increase the loudness
of the music. An individual music score can be used

for each desired bandwidth to be monitored.
The present invention has the advantage of
25 monitoring biocelectric signals in a contiﬁuous
spectrum in the range of about 0 to about 90 hertz.
A brainwave signature corresponding to up to a 1 hertz

window around bandwidths of interest can be displayed
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63, 65 and 67 it is shown that nonitoring of the muscular systemwth the
condi tion of "heavy hands" 5 i ncreases the 14 hz bandw dth; nonitoring
t he vascul ar systemwi th the condition of "warm hands" increases the 28 hz
w ndow, and nonitoring the enotional systemw th the condition of being
"happy" increases the 7 hz, 10 hz and 16 hz bandw dths. D splays 61, 63,
65, 10 67 and B8 can ddputta agigpilayof 610 vyl enginds. acEaraesappl e,
a "7/14" ratio is displayed in window 45. A ratio of |ess than one

i ndi cates a hi gher mesaliterdfigt rtrel 4cdign aindkni sitéit¢ hafi ftire t peryomzbeing
bandw dth. Fig. 7 is a display 69 of a brai nwave 15 signature for a
person with a postmppéggggﬁe & mexson can be expeditiously trained with

verbal or musical feedback related to the displayed
5 brainwave signature.

While the invention has been described with
reference to the preferred embodiment, this
description is not intended to be limiting. It will
be appreciated by those of ordinary skill in the art

10 that modifications may be made without departing from

the spirit and scope of the invention.
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di sorder.

bandw dt
down of

Low val ues are displayed in windows 32, 34, and 36 relatln

Pﬁe7br ;?napgr 12 Bér S(r)ﬁs\?\neﬂll \ellels%/r e-srged: g\(l)vr\(;glr " u“m mlﬂ“%“mw

is shown in window 35 for a 3 hz bandw dth. ;pi spl ays 61 63 65, “67" and 69
are di splays of act@AIMSonitoring of a person with system 10. Person 12
trained wth EEG.bi ohfegiintda taiss f ol ndn Dyofing RgbAa i hwaver
nonitor the 25 brai nwave signatures and give verbal feed
client relative to signaghsmr eéda ra@mitdwve stghatof & pPegsocaxaapbeisifyer a

can be

pati ent

is asked to think about a cognitive state a resulting

Si gnat ure i s detectlng means for detectlng ab

back to the

br ai nwave
joelectric

signal from said person, said bioelectric signal being

5 in a first range from about 0 to about 90 h

ertz, said

bioelectric signal including a set of bandwidths in

said first range, each of said bandwidths having a

second range of less than one hertz;

amplifying means for amplifying said

10 detected biocelectric signal;

digital signal processing means for

processing said amplified biocelectric signal, said

signal processing means including performing a fast

Fourier transform on said amplified bioelectric signal

15 for determining respective amplitudes for each of said

bandwidths in said set of bandwidths;

selection means for selecting a plurality of

selected bandwidths of interest from said set of

bandwidths; and '

20 display means for displaying said
amplitudes of said selected bandwidths of i
respective windows of a computer display,

wherein said brainwave signatur

respective

nterest in

e of said

cognitive state of said person is displayed as said

25 respective amplitudes of said selected bandwidths of

interest.

2. The apparatus of clain

1l further
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16 dlsplayed

for exanple as shown in display 61. If patient 12 strays

frfom t hi nki ng about the desired cognitive state (i.e., daydr-eani ng or

nore bandwi dths will occur and the display brainmave

t hi nki ng ‘about tonight's dinner party) a surge of ener one or
altered. At this tine, the trainer can verbally gwdeﬂ "ﬁw

il ti:

the desired brai nweygpsigfpgure. CD sound systen1104 can al so b& uSed“to

10

15°

20

25

storage means in said computer for storing

said brainwave signature.

3. The apparatus of claim 2 wherein said

brainwave signature is displayed in real time.

4. The apparatus of claim 3 wherein said
bioelectric signal is detected at a rate of 8,000

times per second.

5. The apparatus of claim 4 wherein the
detected biocelectric signal is amplified by a factor

of about 100.

6. The apparatus of <claim 5 further
comprising:

sound means for increasing the loudness of
a sound in response to said detected brainwave

signature.

7. A method for monitoring a brainwave
signature of a cognitive state of a person comprising
the éteps of:

detecting a bioelectric signal from said
person, said bioelectric signal being in a first range
from labout 0 to about 90 hertz, said bioelectric

signal including a set of bandwidths in said first
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10, train person 12. A detected bandw dth can be-chosen to be : .
rei nforced by sounds from sound system 104. For exaﬁﬂwﬁu for the condition

of 'heavy hands" the 14 hz bandw dth can be chosen
software 102 to be nonitored by sound system 104.
begi ns playing as patient 12 is noni tored.2®  The | oudness of the nusic

Ml

i Il i norease when, an.d nogaseds 14, [erd & BAMIWLID Ji8 08t etad ool M

| oudness of the nusi

rég%écreases, person i's al ert at t

concentration on the £ondi¢han Ofheieavy hands” has 20 di m ni shed.
ot her patient 12 can concentrate on the "heavy hands" condition to increase

the |l oudness of the nusic. Ammpndfpirduakidlidtecieadr bicéleder isedgnal ;

10

15

20

25

processing said amplified signal, said
processing step including.performing a fast Fourier
transform on said amplified bioelectric signal in a
digital computer for determining respective amplitudes
for each of said bandwidths in said set of bandwidths;

selecting a plurality of selected bandwidths
of interest from said set of bandwidths; and

displaying said respective amplitudes of
said selected bandwidths of interest in respective
windows of a computer display,

wherein said brainwave signature of said
cognitive state of said person is displayed as said
respective amplitudes of said selected bandwidths of

interest.

8. The method of claim 7 further
comprising the step of:
storing said brainwave signatures in a

computer storage means.

9. The method of claim 8 wherein said
brainwave signature monitors the vascular system of

said person.

10. The method of claim 8 wherein said

The

This Sheet Has Been
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for each desired bandwi dth to be nonitored. The present invention has the

advant age of 25 nonitoring bioelectric signal S/“

spectrumin the range of about 0 to about 90 hertz., mmﬂm Q’EE&( ure
corresponding to up to a 1 hertz w ndow arognd bandw dths o can
be di spl ayed 17 on a conputer display for easily and accurately

noni toring the coghraineaséasignatihe pensorrHeting emot i orad. S)ﬁsmswﬁ‘l can
be expeditiously trained with
said person.

11. The method of claim 10 wherein said
5 brainwave signature monitors the vascular and

emotional system of said person.

12. The method of claim 11 wherein said
brainwave signature monitors a stress disorder of said

10 patient.
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verbal or nusical feedback related to the displayed 5 br ai nwave
si‘gnature. Wile the invention has been described with reference to t he

preferred enbodi nment , this description is not intended to be limting.
It will be appreciated by those of ordinary skill in the art 10 t hat
nodi fications may be nmade wi t hout departi fromthe spirit and scope of
the i nvention. CLAI MVE: 18 1. An apparatus for

nonitoring a brai nwave
ABSTRACT

ELECTROENCEPHALIC NEUROFEEDBACK APPARATUS AND METHODS

A biofeedback system (10) provides detection of
biocelectric signals in a range of 0.90 Hz. A bioelectric
signal (26) is amplified by a preamplifier (22). The
composite amplitude of the amplified signal (24) is
calculated by performing a fast Fourier transform on the
amplified signal to calculate amplitudes of bandwidths in
the range of the detected signal. Particular bandwidths
of interest can be selected and displayed on a computer
(26) . The display permits training of the-person being
monitored with audio or verbal feedback.

Figure 1
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signature of a cognitive state of a person conprising: detecting neans for
détecting a bioelectric signal fromsaid person, said bioelectric signa
bei ng 5 in a first range fromabout 0 to about 90 hertz, said

bi oel ectric signal including a set of bandwidths in said first range, each
of said bandw dt hs having a second range of |ess than one hertz; anplifying
nmeans for anplifying said 10 detected bioelectric signal; digital
signal . processing means for processing said anplified bioelectric
signal, said signal processing nmeans including performng a fast Fourier
transformon said anplified bioelectric1?;gnal

i
5
i6
22?
PRE-ANP
O O O O
10 20 A= >
26 3
L~ 20
I _
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15

said set of bandw dt hs;
sel ect.ed bandwi dt hs of

for determ ning respective anplitudes for each of said bandwi dths in

sel ection neans for selecting a plurality of
interest fromsaid set of bandw dths;

and 20

di spl ay neans for displaying said respective anplitudes of said sel ected

bandw dt hs of

i nt erest

in respective wi ndows of a conputer display,

sai d brai nwave signature of .said cognit5¥? state of said person is
u

di spl ayed as said 25

of

i nterest.

2.

r—————-—-.—--—-_____———-n_.—_—-_—_.__j

respective anpl
The apparatus

of claim 1 further

FIG. 2

106
[

.

S g’

sigwaL | 100

MEMORY

PROCESSOR
104 ,
BI0 FEEDBACK
SOFTHARE CD/R0H

L 102

DISPLAY 108
bRIVER [

. ——— . o ch—— i — 1 ——— ey g, " - — -

wher ei n

des of said sel ected bandw dt hs
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storage neans in said conputer for storing said brai nwave

conpri si ng:

The apparatus of claim2 wherein said

3.

brai nwave signature is displayed in real
3 wherein said bioelectric signal

ture. 5

si‘gna

The apparatus of claim

time. 4.
is detected at a rate of 8,

The apparatus of claim4 wherein the detected

is anplified by a factor

000 10

second. 5.

times per

bi oel ectric signal
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of about 100. 15 6. The apparatus of claim 5 further conprising:
sound neans for increasing the | oudness of a sound in response to said

det ect ed brai nwave 20 signhature. 7. A nmethod for nonitoring a
brai nwave signature of a cognitive state of a person conprising the steps
of : 25 detecting a bioelectric signal fromsaid person, said

bi oel ectric signal being in a first range from about—6—te—aboui--30-hgrt z,

sai d bioelectric REPLACEMENT SHEET
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signal including a set of bandwidths in said first REPLACEMENT SHEET 17 SEP

1996 range, each of said bandw dt hs having a second range of less than 1
hertz; anplifying said detected bioelectric signal; processing said
anplified signal, said 5 processing step including performng a fast

Fourier transformon said anplified bioelectric signal in a digital
conputer for determ ning respective anplitudes
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.

for each of said bandwi dths in said set of bandw dths; selecting a
plurality of selected bandw dths 10 of interest fromsaid set of

bandw dt hs; and displ aying said respective anplitudes of said selected
bandwi dt hs of interest in respective w ndows of a conputer display, wherein
sai d brai nwave signature of said 15 cognitive state of sgkd—person is

di spl ayed as sai d respective anplitudes of said sel ected bang WRER’MEMENT SHEET
i nterest. 8. The nmethod of claim 7 further 20 O rpT-i~stg—t-h

step 'of: storing“said brai nwave signatures in a
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corrp“uter storage neans. br ai nwave signature nonitors the enotional
system of said person. 11. The nmethod of claim 10 wherein said 5

brai nwave signature nonitors the vascular and enotional system of said
person. 12. The nethod of claim 11 wherein said brai nwave si

0
monitors a stress disorder of said 10 patient. REPRASHNENENDHHEET
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The signal processor performs. a fast Fourier
transforfi on the amplified biocelectric signal to
determine the amplitude of the bioelectric signal.
Biofeedback software allows the user to monitor
bioelectric bandwidths of interest from the detected
bioelectric signals. A window of 1 hertz or less is
selected around the bioelectric bandwidth of interest.
For example, if the user chooses to monitor a
signal of 14 hertz, the window will be
from about 13.5 hertz to about 14.5 hertz. The
amplitude of the bioelectric signal related to the
bandwi;:"th of interest can be displayed in a first
window 9f a computer display. Also, an average value
of the amplitude of the bioelectric signal over time
can be displayed in a second window of the computer
display. The amplitudes of the bandwidths of interest
over time of the sessions are stored in the memory of
the computer so that a monitoring session can be
replayed. Also, detected amplitudes for all
bandwidths in the 0 to 90 hertz range can be stored in
the memory of the computer workstation
Biofeedback training is ©performed by
observing the displayed amplitudes of the bandwidths
of interest and providing verbal or musical feedback
to the user in response to changes in the observed
displayed amplitudes.
DETAIT.ED DESCRIPTION OF THE INVENTION

During the course of this description like
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range, each of said bandwidths having a second range
of less than 1 hertz:;

amplifying said detected bioelectric signal;

processing said amplified signal, said
processing step including performing a fast Fourier
transform on said amplified bioelectric signal in a
digital computer for determining respective amplitudes
for each of said bandwidths in said set of bandwidths;

selecting a plurality of selected bandwidths
of intereEt from said set of bandwidths; and

displaying said respective amplitudes of
said selected bandwidths of interest in respective
windows of a computer display,

wherein said brainwave signature of said
cognitive state of said person is displayed as said
respective amplitudes of said selected bandwidths of

interest.

8. The method of <claim 7 further
comprising the step of:
storing said brainwave signatures in a

computer storage means.
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ABSTRACT

ELECTROENCEPHALIC NEUROFEEDBACK APPARATUS AND METHODS

A biofeedback system (10} provides detection of
biocelectric signals in a range of 0.90 Hz. A bioelectric
signal (26) is amplified by a preamplifier (22). The
composite amplitude of the amplified signal (24) is
calculated by performing a fast Fourier transform on the
amplified signal to calculate amplitudes of bandwidths in
the range of the detected signal., Particular bandwidths
of interest can be selected and displayed on a computer
{26) . The display permits training of the person being

monitored with audio or verbal feedback.

Figure 1
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